This investigation deals with the influence of magnesium on in-situ formation of AiN reinforcing particles in aluminum alloy melt from the bubbling nitrogen gas. Thermodynamically, addition of magnesium could remove the trace deleterious oxygen in the nitrogen atmosphere and benefits the formation of AIN. However, the practical effect may change from system to system. Unlike in nitridation of molten aluminum using direct metal oxidation (DIMOX) and infiltration methods, addition of magnesium in the present gas-bubbling method showed no significant beneficial effect on formation of AIN. When nitrogen gas of commercial grade was bubbled, no significant AIN reinforcing particles were formed for either pure aluminum or Al-5 at.% Mg alloy melt. When purified nitrogen gas was used, significant amounts of AIN particles were formed in both the melts with analogous morphology and comparable rate of formation. In the gas-bubbling system, AIN is formed from the heterogeneous reaction between nitrogen gas in the gas bubbles and molten aluminum in the matrix melt. The whole process is controlled by chemisorption of nitrogen at the interface, which could occur only when the oxygen content is below a threshold limit. In the gas bubbling system, magnesium evaporates at the gas bubble-matrix melt interface as well as the surface of melt. Vaporization of magnesium at the gas bubblematrix melt interface contributes to the lowering of the oxygen content at the reaction sites. However, the lowering of the oxygen content is limited by short residence of the gas bubbles. Addition of magnesium led to no significant improvement in formation of AIN.
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I. INTRODUCTION

Discontinuously
II. THERMODYNAMIC ANALYSIS
When nitrogen gas is bubbled through aluminum melt, AIN could be formed from the heterogeneous reaction given by:
The standard Gibbs energy change of the reaction, AG ( ",, is given by:
AG", = -658.53 + 0.2357-kJ 933 < Τ <1673Κ
When magnesium is present in the matrix melt, nitridation of magnesium may take place through the heterogeneous reaction expressed as:
The standard Gibbs energy change of the reaction, AG^,, is given by:
AG,,, = -498.33 + 0.235Γ kJ 933 < Τ < 1673K
The temperature dependences of AG ( ", and AG,',, are shown in Fig 
When Gibbs energy change of the reaction, AG (5) , is negative, the reaction will proceed toward the right and AIN is dissolved; or AIN is stable. Hence, the condition for stability of AIN is given by: 
Complete data on the activities of aluminum and magnesium in the Al-Mg melt is still not available.
Since the concentration of magnesium is usually small in the aluminum alloy matrix for DRACs, a A , is approximated by the molar fraction of aluminum, x Ah It is noted that AG {i) is at its minimum value in the extreme case of a Mg = 1. Therefore, equation (5) is always satisfied if it can be satisfied at a Mg = 1.
Applying the extreme case, the minimum concentration of aluminum for stability of AIN can be estimated. 
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The standard Gibbs energy change of the reaction, AG°S ) , is given by:
ΔG' t) = -1127.10 + 0.220Γ kJ (9) As shown in Fig. 1 , AG,'^ is much below AG ( 'J,, implying that the oxidation reaction is more favorable than the nitridation reaction. Thermodynamically, oxygen has to be lowered below a threshold value for formation of significant AIN /15/. Therefore, oxygen impurity is very detrimental. In Al-Mg-N-O system, magnesium could getter oxygen by the reaction given by:
(10)
Gibbs energy change of the reaction, AG ( " 0) , is given by:
AG," 0) =-1216.90 + 0.2317" kJ (11) AG ( " 0) was also plotted in Fig. 1 . As is seen in Fig. 1 that AG ( " 0) is more negative than ΔG"^, implying that magnesium has preference to getter oxygen. Depending on the temperature and concentration, magnesium could lower the partial pressure of residue oxygen, P Q , to the value given by:
where x Mf , and y Mf , are the molar fraction and activity coefficient of magnesium. For simplicity, γ Μχ was taken as unity in the calculation. 
IV. RESULTS
The experimental conditions and results are listed in Table 1 . Experiments were first carried out by bubbling nitrogen gas of commercial grade (99.998% pure)
through pure aluminum and Al-5 at.% Mg melt for 6
hours. As shown in Table 1 , bubbling the nitrogen gas Table 1 Formation of AIN by bubbling nitrogen gas through aluminum and Al-Mg melt for 6 hours with starting matrix of 80g at the gas flow rate of V in = 0.11 L.min" 1 . Fig. 5(b) , indicating that magnesium has been completely vaporized. Mass balance consideration revealed that significant weight loss using Al-Mg alloy matrix was mainly due to evaporation of magnesium while the small weight loss using pure aluminum was caused by vaporization of molten aluminum.
Experimental
Experiments were then performed by bubbling purified nitrogen gas through the pure aluminum and
Al-5 at.% Mg melt for 6 hours. As a result, a significant amount of A1N was formed in both melts. As shown in Table 1 , bubbling purified nitrogen gas for 6 hours caused a weight gain of 2.52 g in pure aluminum matrix.
The XRD pattern of the product is shown in Fig. 6 Table 1 , bubbling purified nitrogen gas through the AI-Mg melt caused a weight loss of 1.8 g. Based on the mass balance, the rate of formation of AIN was calculated to be 0.017 g.min" 1 , comparable with that using pure aluminum matrix.
These results indicate that addition of 5 at.% magnesium did not significantly affect the formation of AIN using purified nitrogen gas. Mg(in Al -Mg melt) = Mg(g) (13) 2Mg(g) + 0 2 (g) = 2Mg0(s) (14) (a) (b) nitridation of molten aluminum in the present gasbubbling system. To get a better understanding, the mechanism of the influence of magnesium using DIMOX and infiltration methods was first summarized.
Magnesium has very high vapor pressure at high temperatures even though it is stabilized in the Al-Mg melt. Based on the calculation in our previous work /14/, the equilibrium vapor pressure of magnesium in Al-5 at.% Mg melt was over 7000 Pa at 1473 K.
Therefore, magnesium in the Al-Mg melt will evaporate at high temperatures. Since the vaporized magnesium could getter oxygen impurity in the nitrogen gas, which was introduced above the alloy melt in the DIMOX system, the partial pressure of oxygen in the nitridation
The whole process could be described by equation (10), which is the combination of equations (13) 
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As shown in Fig. 9 , formation of A1N using gasbubbling method is more complicated. When nitrogen gas is bubbled into the matrix melt through the submerged nozzle, the gas bubbles formed at the nozzle rise due to the buoyancy force. When these gas bubbles reach the surface of the melt, they break and merge into the flowing protective argon atmosphere, thereby taken out of the reaction system. Dependent on the purity of nitrogen gas, A1N particles may be formed from the heterogeneous reaction given by equation (1) 
VI. SUMMARY
Investigation was performed on the influence of magnesium on in-situ formation of AIN reinforcing particles in aluminum alloy melt from the bubbling nitrogen gas. The investigation showed that addition of magnesium showed no significant improvement in the formation of AIN in the gas-bubbling system.
Thermodynamically, magnesium has stronger affinity with oxygen than aluminum. Addition of magnesium could remove the oxygen impurities in the nitrogen gas and eliminate its deleterious effect on nitridation of molten aluminum. However, the practical effect of magnesium addition may be dependent on the reaction system. Contrary to the case in the DIMOX and
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Qingjun Zheng and Ramana G. Redely infiltration systems, magnesium could not effectively getter the oxygen impurity in the bubbling nitrogen gas due to the short residence time of the gas bubbles in the matrix melt. Therefore, magnesium addition did not yield significant improvement in the formation of A1N.
When nitrogen gas of commercial grade was bubbled, no significant AIN reinforcing particles were formed for either pure aluminum or Al-5 at.% Mg alloy melt. When purified nitrogen gas was used, significant amount of A1N particles were formed in both melts. The AIN particles formed for both matrices have comparable morphology, size, and rate of formation.
